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1.  GENERAL  rGicLR  i  LA3T  DESCRIPTION 


Id  General  -  The  MAC  Model  75  is  provided  with  ’..wo  gas  turbine  enb ines 
which  drive  either  compressors  lor  burnishing;  air  to  the  pressure  jet  driven 
rotor  or  tractor  propellers  for  nigh  speed  forward  flight.  A  power  unit 
naeelle  is  mounted  on  either  siae  of  the  niselage. 

1<>2  Engine  -  An  Allison  Model  oGl  gas  turbine  power  section  is  mounted 
in  each  naoelle  supplying  shaft  power  to  the  propeller  and  compressor?  A 
cooling  air  ejector  is  fitted  to  the  engine  exhaust  pipe,  drawing  cooling 
air  over  the  engine  compressor  section,  combustion  section,  ana  oil  radiator. 


1.3  Pressure  Jet  Compressor  -  A  westinghouse  19XB  axial  flow  compressor 
is  employed  tc  supply  con  pressed  air  through  a  duct  system  to  the  rotor  tip 
burners.  This  compressor  is  mounted  directly  above  the  engine  with  the 
oompres8or  operated  at  engine  speed  b\  means  of  &  drive  shaft  connected  to 
the  turbine  shaft  flange  at  the  final  discharge  stage  of  the  compressor. 

1.4  Propeller  -  An  Aeroproducts  Model  A632F  propeller  is  mounted  in. 
the  nose  of  each  nacelle.  During  normal  propeller  operation,  the  propeller 
pitch  is  controlled  bj  the  engine  control  system.  When  the  compressor  is 
engaged  to  the  engine,  the  propeller  is  held  at  the  pitch  resultinr  in 
minimum  pwrer  absorption. 

1.5  Gear  Box  -  The  engine  drives  the  propeller  and  axial  flow 

~  wv*u|.  r  -  580r 

by  means  of  a  modified  Allison  XT-38  gear  box.  The  compressor  shaft 
rotates  in  the  opposite  direction  from  the  engine  drive  shaft  at  the  sim* 

speed  as  the  engine.  Also  included  in  the  gear  box  section  is  one  clut'-'-- 
permitting  the  on  nine  tc,  be  disengaged  fror  the  gear  box,  and  a  seeoi  d 
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olutoh  which  disengages  the  compressor.  Ihe  rear  face  of  the  gear  bo*  pro¬ 
vides  the  necessary  accessory  mounting  pads  and  gear  drives  for  'the  engine 
starter,  generator,  hydraulic  pun?,  tachometer,  and  the  connections  for 
the  gear  box  oil  system  and  the  propeller  brake  and  governor  controls!  the 
starter  gear  train  is  connected  to  the  engine  drive  shaft  on  the  engine  aide 
of  the  clutch  permitting  the  engine  to  be  started  while  disengaged  from  the 
gear  box. 


1.6  logins  Starter  -  i  single  Aire  search  air  bleed  gas  turbine  oem- 

p ressor  is  employed  to  drive  a  pneumatic  starter  mounted  on  each  of  the  two 
•ngint  gear  boxes. 

1.7  Rotor  Tip  Pressure  Jets  -  Two  burners  aie  mounted  set  the  tip  of 
eaoh  of  the  three  rotor  blades,  Compressed  air  supplied  from  the  comp  re  Bear 
is  delivered  to  the  tip  Pursers  through  a  duet  system*  Fuel  is  injected 
into  the  tip  burners  where  combustion  occurs,  initiated  by  spark  ignition.. 

1.6  Fuel  Syatam  -  Tbs  Model  76  fuel  system  ia  shown  aohamat ioally  in 
figure  1.  This  system  was  designed  in  aoeordanoe  with  speoifioatian  SB-73D. 
Fuel  oells  totalling  627  gall  cm  s  may  be  filled  in  a  conventional  netted 
through  the  filler  necks  provided  in  each  wing  or  by  a  single  point  ptmssure 
fueling  fitting  located  on  the  left  side  of  the  fuselage.  Be  fueling  is  me 
possible  through  the  pressure  fueling  system  by  opening  a  shut-off  valve 
loo  a  ted  in  the  fuselage.  This  valve  is  normally  oleeed  to  prevent  inter- 
cell  fuel  fleer  through  the  pressure  fueling  system,  while  check  valves  pre¬ 
vent  outboard  fuel  flow  from  the  fuse  tank. 
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Fuel  is  delivered  to  the  engine  fuel  control  by  two  submerged  boost 
pumps  located  in  the  sump  of  the  fuselage  fuel  cell.  The  fuel  to  each 
power  section  enters  through  a  common  selector  valve.  Tip  burner  fuel  flow 
is  controlled  by  a  rotor  driven  governor— pump  unit.  Fuel  inlet  pressure  for 
this  unit  is  provided  by  the  engine  boost  pump.  Vfnen  the  tip  burners  are 
inoperative,  fuel  to  the  rotor  system  is  snut  off  by  a  valve  inter ral  to  the 
rotor  governor.  For  single  engine  operation,  a  solenoid  valve,  located  in 
the  rotor  hub  shut6  off  the  fuel  to  half  of  the  tip  burners. 
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operating  at  the  lower  speed. 

In  order  to  obtain  optimum  pressure  jet  performance  during  single 
angina  operation  whan  the  air  flow  is  only  ona  half  of  the  normal  flow.  It  la 
neoessary  to  reduoe  the  tip  burner  total  exhaust  norsle  area  by  60  par  float* 
This  is  acoomplished  by  o losing  the  butter^y  valves  looatad  in  the  aft  duet 
in  the  root  of  aaab  rotor  blade,  thus  removing  the  three  inner  tip  burners 
from  the  system.  Aotuation  of  this  butterfly  valve  is  autamatleally  con¬ 
trolled  as  explained  in  section  2.2. 


2<>3  Pressure  Jet  Fuel  Control  -  Fuel  floor  to  the  rotor  tip  burners 
is  controlled  by  a  rotor  speed  governor  which  meters  fuel  as  neoeaeary  to 
maintain  a  constant  selected  rotor  speed  during  all  jet  powered  rotor  opera¬ 
tion.  Thus  as  the  rotor  load  changes,  the  pressure  jet  fuel  flow  ie  auto¬ 
matically  adjusted  to  hold  rotor  speed,  oonpletely  relieving  the  pilot  of 
this  duty.  This  type  of  rotor  speed  and  tip  jet  fuel  control  has  been  per¬ 
forming  satisfactorily  in  flight  for  a  period  of  three  years  on  the  MoDonnell 
Xfl-20  ram  jat  powered  helioopter. 

During  periods  of  singla  engine  operation,  the  flapper  door  of  the 
air  control  valve  (see  section  2.2)  actuates  switches  which  closes  a  fuel 
shut-off  solenoid  valve  located  in  the  rotor  hub.  This  solenoid  valve 
shuts  off  the  fuel  flow  to  the  three  inner  tip  burnsrs.  Also  connected 
to  the  manifold  supplying  fuel  to  the  inner  set  of  tip  burners  ere  actuating 
cylinders  controlling  the  butterfly  valves  located  in  each  rotor  blade 
in  the  ducts  supplying  cor.prcssad  air  to  trie  inner  set  of  tip  burners 
(see  section  2.2).  Ire?-  r  lirders  are  arranged  so  as  tc  hold  the  butter- 
fly  valves  open  wher  iter  pressure  exists  in  the  manifold  supj  lying  fuel 
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So  ANALYSIS  OF  POHBR  PLAT  0DCI8 

3.1  Oeneral  -  The  analysis  of  the  Model  78  duot  system  is  presented 
in  aooordanoe  with  the  U.  S.  Kavy  Aeronautioal  Speoif  ioation  1ATAXB  9U160, 
"Speoifioation  for  the  Calculation  of  Duct  losses,  Tuxbo-Jet  and  das  Turbine 
Engines". 

This  section  includes  the  analysis  of  the  inlet  ducts  supplying  air 
to  the  taro  Allison  Model  501  poser  sections,  the  inlet  duots  supplying 
air  tc  the  two  me sting house  19XB  compressors ,  and  the  engine  exhaust  system 
including  the  coding  ejector. 

3.2  Deaarlptlan  of  Duots  -  The  engine  inlet  duot  is  approximately 
fire  feet  long  with  a  well-rounded  lip.  The  duet  increases  in  oross- 
seotional  area  from  160  square  inches  at  the  inlet  to  186  aquax*  inches 
at  the  engine  face.  The  annular  flow  area  at  the  engine  compressor  face 
is  160  square  inches . 

The  19XB  compressor  inlet  duot  is  about  three  feet  long  and  has  a 
well-rcwnded  lip.  The  duct  increases  in  cross-sectional  area  from  140  squaxe 
inches  to  160  square  inches  at  a  station  near  the  compressor  faoe0  The 
annular  area  at  the  compressor  face  is  138  square  inches. 

Tim  engine  exhaust  tailpipe  is  shrouded  with  an  ejeotor  whioh  is  split 
by  radial  dividers  into  three  parts  d rearing  ooollng  sir  through  the  forward 
engine  compressor  oompartment,  the  engine  combust ion  ohamber  compartment , 
and  the  oil  oooler. 

i'igure  3  presents  a  schematic  of  the  ducting  arrangement  and  cross- 
seot local  areas. 
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4c  AIL  IS  ON  MCDEL  501  IQ'iT.R  SECTION  FbEFORicANCE 

4.1  Engine  Hsrforviar.c  e  -  T  .r.  elisor.  Mo.:e  1  -1  ‘0..  turbine  ermine 
peri or~.e..ce  was  oval ..ated  b;  tbs  raethod  presented  in  tue  ermine  speci:ioRtion 
(reference  Eoferer.ee  1  represents  the  s.ost  reoer.t  Navy  ap.  rc-.ec.  speci¬ 

fication  for  the  •.  o.ver  sectio-  pe rf ormance o  Inlet  duet  total  pressure  re¬ 
cover;/  was  a.;ed  _  ‘he  duct  analysis  p  resented  ir.  section  3.  Values  of 
Bz/&c  from.  figure  4  wore  ised  f-r  the  engine  p« rforr.aj.ee  calculations. 

bur ir.g  pov/ered-r  tor  flight  wit*  the  propeller  ir  the  pitch  res  ;ltir.r; 
ir.  r. in iiauir.  power  absorp tier.  it  .s  assured  that  the  propeller  absorh-3  3%  of 
the  av;  ilatle  e;  gire  shaft  horsepower  »  Accordingly  the  power  available  to 
drive  the  compressor,  as  rros«: ‘ec.  ir.  figure  13  has  ueer.  reduced  by  6^. 

As  noted  in  section  2.1  „:je  erupine  will  operated  at  cu:  star  t  r.oraal 
speed  (14,000  rpn)  during  all  i-.-j  ious  that  it  is  engaged  to  the  conpressor. 
This  recess itetes ,  under  certain  conditions,  that  the  turbine  inlet  tem¬ 
perature  exceed  the  nomal  rated  ter.peratur- ,  but  ui.uer  ro  conditions  will 
it  exceed  trie  allow  able  r.iiitar;  temperature ,  1.  view  of  tre  allowable 

operating  tirjs  of  3C  minutes  at  E.ilitary  power  this  t;  p<e  of  operation  is  con¬ 
sidered  satisfactory  especially  as  it  is  accomplished  at  a  reduoed  engine 
speed*  Fi  me  13  presents  a  p  lo'-  of  horsepower  a--ai la',  le  a'-i :  3  <  rse power 
required  versus  altitude  for  the  critical  cor.ditinc  at  m  ,000  rp: .  end 

e.  tui  bine-1,  temperature  ~f  19.  :>°H» 

Figures  14  through  22  pre  er.t  .h.ei’t  hor  -power,  net  jet  t.'xust,  and  fuel 
flow  for  pr-peller  ope. ratio.-  cf  each  er.gj  ie  i;  the  anticipated  operating 
ranges  of  i  light  velocity  ar.  ’  elurt-iee  .  he r f  oma rce  was  deterr.ined  in 
ac  rorcar.ee  wit.,  the  eigine  sp--i  ioa‘  i_  (reference  !  )  ..sir.g  tne  e  tir.iated 
L.let  total  pressure  recovery  presented  ir,  f  i re  4. 
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Cor.biderin  a  rotor  blade  as  e.-  own  below  with  air  flowing  through  the 
blade  passage  and  oein^  burned  ir.  the  tip  hume '  «  the  ^ower  required 


c"\ 


ac.ce  lo 


rate  the  air  :rcm  tangential  velocity  at  station  X  to  the  tan- 


rertial  velocity  at  station  -  — 


POWfR  C 


i  V/  «■ 


required  for  isentroric  compiwss^  of  tne  air  from  station 


al:  ,  '.no  power  retiree  -  -r 
V  to  station  Y  is:  (ref  rer.ee  7) 


POWER  =  J  Cf.Tr*  I  ~  1  V/a 


equating  squat.'-: 


and  equaJ  :  ;  3 


2. 


Wfl  vxJ  z  J  CpTry 


il 


5*V*=  1* 


s^TcpTix 
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From  equation  9,  the  nozzle  area  near  becomes  i 


A  W.,R  44000)^ 

^^)WnR(40°0) 


f/  -  C-p  lT_ 

/d-  Kv  nB 


Assume  a  burning  efficiency  of  90jC  and  a  lcwer  heating  value  of  gasoline 
s  18 ,000  BTU/n . 


V  .  Cp  4T 
/a  ICc.&OO 


Sinoe  the  value*  of  ^  and  Cp  are  dependent  upon  temperature  and 
fuel-air  ratio  it  is  near  necessary  to  make  suooessive  approximations  for 
fuel-air  ratio  and  oyole  through  equations  11  and  12  until  both  equations 
are  catisfied. 

ff is  determined  from  the  duct  analysis  as  described  in  section  5.2.2 
and  a  trial  and  error  solution  is  readily  made  sinoe  there  is  only  one 
fuel-air  ratio  that  will  give  a  total  temperature  of  4000%. 

Cta  this  basis  a  total  noztle  area  of  0«M6  square  feet  was  determined. 
This  total  nozzle  area  is  divided  by  the  number  of  tip  burners  te  obtain 
the  area  per  burner.  For  the  ets  burners  the  sffsotive  nossl*  sxit  arts 
per  burner  is  22.5  in. 2  or  5.86  in.  in  diameter. 
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5.204  IMrformanoe  Calculations  -  For  other  oorreoted  compressor 
speeds  end  pressure  retios  the  eambustion  temperature  may  be  determined 
since  the  sres  has  been  determined.  Transposing  equation  8i 

V&-I 

a 

“  L  W^R  J 


Using  equation  12  and  13  and  determining  ^22  from  th®  rotor  duot  analysis 
Tgj  may  be  determined  for  any  compressor  condition.  Although  equation  13 
applies  only  whan  Bjjg  above  the  oritioal  pressure  ratio,  this  con¬ 
dition  covers  most  of  the  system  operating  range. 

Fuel  flow  is  determined  by« 

\J  —  Wa  —  —£■  W*  14 

/a  A  /6  200 

t  ^  / 

Total  temperature  at  the  nossle  exit  far  sonic  velocity  is 
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The  Jet  velocity  ia  obtained  from  aquation  6.  Jet  thrust  is  obtained  as 
follows  1 


FJ  =  ^  643-  VT )  +  (  Pzi-  fi)  A23  ls 

nozzle  efficiency  (assumed  .95) 

A  sample  calculation  is  presented  in  table  7.  The  first  section  of  the 
calculation  is  the  rotor  system  duct  analysis  to  determine  the  pressure 
available  for  burning.  7 he  latter  part  of  the  calculation  presents  the 
tip  burner  performance  for  the  available  pressure.  It  was  assumed  that 
the  division  of  air  flow  through  tho  two  flow  passages  in  the  rotor  blade 
(station  17  through  23)  was  equal,  even  though  the  cross »sectional  areas 
are  slightly  different  (22.1  and  24.3  square  inches  per  blade).  The 
actual  division  of  the  air  flow  will  be  governed  by  the  back  pressure  of 
each  tip  burner  due  to  burning.  The  total  temperature,  fuel  flow,  and 
jet  thrust  were  calculated  i'or  each  of  the  two  tip  burners  and  the  average 
total  temperature  was  used  for  the  total  tempo ratu re  of  the  gas. 

Curves  of  corrected  performance  ov^-r  a  range  of  thrust  values  are 
presented  in  figures  26  and  27.  Co- rented  values  are  presented  in  the 
'-ereral  curves  since  they  are  ini. e pendent  nf  the  compressor  inlet  conditions. 

I 

The  correction  factor:,  used  a»-e  1  he  .standard  factors  used  in  correction 

] 

of  Jet  on-  ine  pe rformr.ce .  Itefarcrco  10  -resents  the  derivation  of  these  l 

I 

factors.  These  factors  are  ;  i 
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w.'iere  ?T^  is  expressed  ir.  ]‘SIA 

@  =  TTz/s  18.4  where  is  expressed  in  degrees  Rankine 

Several  numerical  examples  were  checked  for  various  altituce.  within  the 
I-rfon-no.  range  of  Model  78.  Agreement  of  corrected  performance  with 
that  detemiaed  by  using  the  actual  temperature  and  pressure  was  obtained. 
Actual  tip  burner  thrust  and  overall  ftrel  consumption  are  presented  in 
tures  2.  through  31  :or  the  anticipated  operating  range  of  the  tip  bume 
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Report  No.  AJt  515,  February  28,  1947. 

Jet  Propulsion  and  Oas  Turbinas,  John 
Wiley  and  Sons  Inc.,  1948. 
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Design  of" Powe r-Plant  Xastallatlam  ,  j' 
Pressure -loss  Cheraoteristios  of  ftialr-tFji; 
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TABU  7  Continued 
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t.4&106 

\ 

f 

.0035 

fcoosi 

1/D 

1 

1.90 

i 

r 

111.3 

AH/q 

|  .10 

.20  j 

,10  !  *027 

.25 

.10 

$ 

.14 

A  H 

|  o  Xo 

.2 

| 

i 

,04  |  .03 

.27 

.37 

r 

1 

.64 

i 

i 

] 

j  0 

1 

;  75 

% 

: 

I 

! 

1  75 

220 

» 

;  Vt  ,  -  v 

i 

t 

i 

5625 

!  42,776 

PT./PT 

J  * 

j 

i  1c 

00223 

1.01698 

i 

A  H 

i 

|  « 

07 
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TAB IK  7  Continued 

1 

Station 

1C 

A 

7e  18a 

19a 

20a  21a  22a 

kty. 

Unite 

i 

Ha 

#/»«c 

1B.97 

9.48  9.48 

9.49 

9  .48  8  .48 

tt 

°R 

"40 

"740  740 

74C 

740 

PT 

FSIA 

33.25 

33 

>25  ;S5.01 

36.85 

3  o  •  84  O  xj  %  o4  3  o  o  22 

A 

in2 

44  o  2 

24.3  24.3 

24.3 

4  8.4 

BXa/FyA 

.588 

o825  o377 

.564 

.284 

V 

ft/ 8«  0 

557 

498  453 

441 

212 

T 

714.41 

719.55  723.08 

723  .97 

736.30 

2T 

1 .3950 

1.394  8  1.3947 

1.3547 

1  c5945 

*/V  -l 

3.5316 

3  o  jo29  *5  *o336 

3.5336 

3.o351 

TTA 

1.03582 

1  .02842  1.02340 

1.02214 

1.00503 

Ft/p 

1.1323 

1.1040  1.0850 

1.08035 

1.01790 

p 

P8U 

29.37 

30 

.12  33.19 

34.11 

36.19 

ic 

PSI 

3.88 

3. 

13  2.82 

2„74 

.65 

r 

ft 

17 

.08 

! 

Wip 

1 

.172 

HH 

1. 

45xl06 

f 

o003o 

i 

j 

iA 

I 

44 

.0 

i 

!  !  ,  1 

I 

.001 

j 

ov8  .15 

oio 

1 

2.0  !  !  J 

A3 

0 

i 

1.82  .42 

1.30  .32 

i 

V^x 

I 

1 

220  |  618 

680 

J 

i 

% 

618  l  680 

700 

i 

1 

333,524  80,476 

27  ,60u 

■»A, 

1 

lc 

1378  1.03aC 

1.01089 

AH 

o 

56  0 

4.58  1.26 

.40 
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TABLE  7  Cortinued 


Station 

23a 

17b  18b 

19b 

4ty, 

Unite 

i 

i 

Ha 

#/seo 

9,48  3048 

9,48 

I. 

°E 

1865 

| 

74  0  740 

740 

K 

i. 

PS  IA 

3l  •  22 

33 , 2o  3o,89 

36.62 

A 

m2 

22c  51 

22.1  22.1 

22.1 

Hlfe/PjA 

,688  cG37 

,624 

V 

ft/ sec 

1932 

557  507 

.497 

T 

°R 

1594 

714.41  718,80 

719.63 

y 

1.3950  1.3949 

1,3948 

'  h  -i 

3,  Dole  3.;>323 

3.5329 

tt/t 

1.03582  1,02949 

1.02831 

ft/p 

1.1323  1,1060 

1.1034 

F 

PSIA 

29,37  32,39 

33.19 

<*c 

PSI 

3,86  3,50 

3.43 

P 

ft 

1,39 

Wgp 

-2.11 

El 

1.05x10® 

/* 

.0032 

Vb 

39.34 

AH/q 

o  *-*0  ,  15 

.15 

AB 

1  o  94  o  o3 

.51 

|VT* 

VTy 

i 

▼T  7* 

*  T  -  «  T 
j  ^  "x 

Ff«  J  F*r 

A: 

1.1378  1,0350 

1.01089 

Ae 

‘j.  »j8  1 ,25 

1 

i 
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TABLE 

7  Continued 

Duct 

& 

h 

,  Total 

Model  7E 

Sty. 

On  it 

* 

A 

ft2 

.1565 

=1553 

469 

FT22 

PS1A 

35.22 

34.  a 

Y 

1.3649 

1.3654 

y/g. 

1 

3.74  05 

5.-193 

1-/ 

(2/r  * 

1) 

.5345 

. 5 :  .5 

r23 

rSIA 

18. 83 

18  66 

Wr 

#/a«o 

9.61 

9=  ,1 

"23 

°R 

1594 

13  6 

°R 

1885 

1865 

1875 

^pev 

.2675 

.2 171 

AT 

Ot- 

A 

856 

64  e 

Up 

if/aeo 

=12931 

=1 2637 

<>76704 

«F 

f/hT 

45c.=5 

4f  =9 

2761 

p/a 

=01364 

cC  1333 

V 

ft/ sec 

1952 

IE  12 

i 

350 

545 

(AP)A 

# 

93 

8E 

FJ 

7T 

443 

2654 

UT 

--raq 

4290 

K>out 

jut/e  r.pjine 

2283 

/4n$ta« 

*• 

1480 

Wt  total 

-‘L 

2960 

5721 

Overall 

SFC 

2.17 

MSE_ 

S3 

RETORT 

1905 

MODEL _ 
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